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Summary

BACKGROUND: Due to persistent organ shortage, the se-
lection criteria for living kidney donors have broadened to
include elderly donors and those with co-morbidities. As
little is known about metabolic health after living kidney do-
nation, this prospective, multicentre cohort study explored
metabolic changes among living kidney donors, with a par-
ticular focus on weight trajectories.

METHODS: We analysed metabolic and cardiovascular
parameters before and after living kidney donation in 466
consecutive living kidney donors recorded in the Swiss Or-
gan Living-Donor Health Registry between January 2018
and August 2022. Outcomes included weight, blood pres-
sure, haemoglobin A1c (HbA1c) levels, and the occur-
rence of new-onset type 2 diabetes mellitus, arterial hyper-
tension and cardiovascular diseases. Donors were strati-
fied by predonation body mass index (BMI) and by post-
donation weight change.

RESULTS: Obese donors (BMI =230 kg/m?) more frequent-
ly had pre-existing hypertension at baseline than non-
obese donors (31.6% vs 18.3%, p = 0.03). During follow-
up (median 2.9 years), 6% of living kidney donors devel-
oped arterial hypertension, 2.6% developed cardiovascu-
lar diseases and 1.1% developed type 2 diabetes mellitus.
Obese donors had a higher incidence of postdonation type
2 diabetes mellitus than non-obese donors (p = 0.01).
Changes in BMI postdonation were not correlated with age
or predonation BMI. Donors with postdonation weight gain
had slightly higher follow-up blood pressure, but no clear
differences in rates of new-onset hypertension or type 2
diabetes mellitus were observed between weight-change
groups.
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CONCLUSIONS: This exploratory analysis suggests that
living kidney donation is generally metabolically safe.
While metabolic changes were modest overall, obesity at
the time of donation was associated with a slightly higher
frequency of postdonation type 2 diabetes mellitus, under-
scoring the importance of counselling on lifestyle modifica-
tion before donation.

Introduction

Nephrectomy for living kidney donation has become a
well-established surgical procedure for healthy individu-
als. Living kidney donor transplantation accounts for near-
ly one-third of kidney transplantations in Switzerland
(https://www.swisstransplant.org). However, due to the
persistent organ shortage worldwide, the selection criteria
for living kidney donors have been broadened to include
elderly donors, as well as donors with comorbidities such
as hypertension and obesity [1, 2]. Further, accepting liv-
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ing kidney donors with type 2 diabetes mellitus remains a
much debated topic in living kidney donor transplantation
(31

Although hypertension is a well-known risk factor for kid-
ney and cardiovascular diseases, the Kidney Disease Im-
proving Global Outcomes (KDIGO) guidelines suggest
that donor candidates with hypertension that can be con-
trolled using one or two antihypertensive agents and with
no evidence of target organ damage are acceptable for liv-
ing kidney donation [4]. The recently revised medical-eth-
ical guidelines on living donation of solid organs from
the Swiss Academy of Medical Sciences (SAMW;
https://www.samw.ch) are consistent with those from KDI-
GO. But these guidelines strongly advise that donor can-
didates should be counselled on lifestyle interventions to
address modifiable risk factors for hypertension and car-
diovascular diseases, including a healthy diet and achieve-
ment of normal body weight, smoking abstinence and reg-
ular exercise [4]. Ideally, these interventions should be
initiated before donation and maintained lifelong.

Previous studies have shown that in the general population
obesity is associated with increased surgical as well as
long-term medical risks like type 2 diabetes mellitus and
cardiovascular problems [5-7]. Further, several epidemi-
ological investigations have confirmed that obesity is a
significant risk factor for the occurrence of proteinuria
and kidney failure in the general population [8]. Patients
with reduced renal mass of any origin seem to be partic-
ularly susceptible to the detrimental influence of obesity
on kidney outcome [8]. In patients undergoing unilateral
nephrectomy, higher body mass index (BMI) has been as-
sociated with increased risk of proteinuria and renal in-
sufficiency [9]. Comparatively, Ibrahim et al. estimated
the risk of proteinuria, reduced glomerular filtration rate
(GFR) and kidney failure in 3956 white living kidney
donors with a mean follow-up of 16.6+11.9 years and
showed that those with a higher BMI at donation had a
higher risk of developing proteinuria as well as reaching
an estimated glomerular filtration rate (¢GFR) <30 ml/min/
1.73 m? or kidney failure, although they excluded donors
with a BMI >30 kg/m? [10]. In addition, Locke et al. stud-
ied the risk of kidney failure associated with obesity at the
time of donation among 119,769 living kidney donors with
a maximum follow-up of 20 years and demonstrated that
obese living kidney donors had a significantly higher risk
of kidney failure compared to their non-obese counterparts
[11]. Nevertheless, BMI acceptance criteria for living kid-
ney donors have become less stringent over time. Previ-
ous studies reported an increase in kidney transplantations
from obese donors of about 20% between 1963 and 2011
[1, 12].

Type 2 diabetes mellitus has a strong genetic component
and about 30% of those afflicted with it in the general
population develop kidney damage. Historically, the Organ
Procurement and Transplantation Network (OPTN) and
many other international guidelines have excluded indi-
viduals with type 2 diabetes mellitus or with a positive
family history of type 2 diabetes mellitus from living kid-
ney donation due to concerns regarding the potential ad-
ditive effect of hyperfiltration that is triggered by type 2
diabetes mellitus or a reduction in renal mass [3]. Howev-
er, in the meantime, the guidelines were loosened. As per
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KDIGO, “the decision to approve donor candidates with
pre-diabetes or type 2 diabetes mellitus should be individ-
ualised based on demographic and health profile in rela-
tion to the transplant program’s acceptance threshold” [4].
The European Best Practice Guidelines qualify donor can-
didates with pre-existing type 2 diabetes mellitus for living
kidney donation only under “exceptional circumstances”
[13] and the OPTN nowadays states in their guidelines that
donor candidates with type 2 diabetes mellitus are now be-
ing considered for donation “unless assessment of donor
demographics or comorbidities reveals evidence of end-
organ damage or unacceptable lifetime risk of complica-
tions” (https://optn.transplant.hrsa.gov). Concerning pre-
diabetes and type 2 diabetes mellitus, the SAMW guide-
lines are consistent (https://www.samw.ch). It is crucial to
highlight that, according to all guidelines, donor candi-
dates with pre-existing pre-diabetes or type 2 diabetes mel-
litus must be informed about disease progression, which
may lead to severe health complications like kidney fail-
ure; for example, Ibrahim et al. demonstrated that postdo-
nation type 2 diabetes mellitus more than doubled the risk
of eGFR <30 ml/min/1.73 m? or kidney failure [10].

Obviously, living kidney donor transplantation exposes
donors to potential risks of early and long-term compli-
cations; therefore detailed and updated knowledge about
these risks is essential with a special focus on living kidney
donors who were accepted with a certain comorbidity. This
information can best be obtained from prospective cohort/
registry studies [14]. Nevertheless, caution is needed when
extrapolating living kidney donation outcome data to dif-
ferent populations due to the variety of geographic origin,
socioeconomic differences, as well as racial and ethnic dis-
parities between countries. Thus, conclusions cannot be
applied 1:1 to other populations. Generating local outcome
data of the living kidney donor cohort in Switzerland high-
lights the advantage of generating data from a well-de-
fined population of predominantly Caucasians living in a
country with a universal healthcare system. As little is
known about the postdonation metabolic risk of living kid-
ney donors in Switzerland, this prospective, multicentre
cohort study investigated the trajectories of metabolic pa-
rameters before and after living kidney donation and eval-
uated the risk of weight gain, occurrence of new-onset
type 2 diabetes mellitus, hypertension or cardiovascular
diseases among living kidney donors recorded within a na-
tional registry.

Materials and methods

Prospective cohort study and donor population

The Swiss Organ Living-Donor Health Registry (SOL-
DHR) was founded in 1993 as the first prospective registry
worldwide. Since its founding, the SOL-DHR has provided
lifelong follow-up for living kidney donors who donated
in Switzerland and has collected data from all living organ
donors of Swiss transplant centres [15]. This study, which
prospectively collected data from living kidney donors,
was approved by the ethics committee of Northwestern
and Central Switzerland (www.eknz.ch; project-ID
2023-02076) and all donors gave written informed con-
sent.
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Follow-up parameters with a focus on metabolic values in-
cluding haemoglobin Alc (HbAlc) have only been collect-
ed in the national registry since the second half of 2017.
To ensure that the relevant parameters were available for
all included living kidney donors before donation, individ-
uals who donated before 2018 were not considered for this
study. Between January 2018 and August 2022, 500 in-
dividuals donated a kidney at one of the Swiss transplant
centres. After exclusion of 1 person due to withdrawal of
consent and 33 without any follow-up data, the final pop-
ulation for a special focus on metabolic parameters con-
sisted of 466 individuals who donated a kidney between
January 2018 and August 2022 with a minimum 1-year
follow-up (figure 1). In accordance with the national fol-
low-up protocol, living kidney donors are systematically
assessed at fixed intervals — namely at 1, 3, 5, 7 and 10
years post-donation, then every 2 years. As metabolic data
are typically first collected at the 1-year visit, a minimum
follow-up of one year was required to ensure availability
of postdonation data for analysis.

Pre- and postdonation management

The national registry arranges follow-up visits for living
kidney donors at one year and then every two years life-
long. Data collection principles before kidney donation,
at the time of discharge from nephrectomy and thereafter
have been described in detail previously [15, 16]. Briefly,
transplant centres inform donors about the registry and
send data on baseline characteristics, comorbidities and the
relationship with recipients to the SOL-DHR. Follow-up
data are provided by the treating physician and include pa-
rameters on kidney function, metabolic parameters, current
medications and whether new complications/diseases have
occurred since the last visit.

Swiss Med WKkly. 2025;155:4513

Data collection and objectives

Donor baseline characteristics include, sex, age, height,
weight, BMI, blood pressure, predonation medications tak-
en and pre-existing comorbidities. Pre-existing diseases/
problems were classified into the following categories: (a)
arterial hypertension if the donor had taken any antihy-
pertensive medications before donation, (b) cardiovascular
diseases (coronary heart disease, aortic aneurysm, cardiac
arrhythmia, etc), (c) metabolic disorders (i.e. obesity, de-
fined as a BMI >30 kg/m? according to the World Health
Organization (WHO) classification; type 2 diabetes melli-
tus defined as a predonation HbA 1¢ value >6.5% or use of
any antidiabetic medications before donation; and dyslip-
idaemia), as well as other diseases (i.e. a summary of all
other current or past diseases such as pulmonary problems,
rheumatoid diseases, problems of the musculoskeletal sys-
tem, endocrine disorders and tumours). Further, the trans-
plant centres reported the side of nephrectomy, the surgical
technique used, the length of in-hospital stay as well as ear-
ly peri-and postoperative complications as previously de-
scribed [16]. Follow-up data on weight, BMI, blood pres-
sure control, any medications taken including new drugs,
and occurrence of new diseases/problems since the last fol-
low-up visit were collected. Concerning blood pressure,
three measurements were taken and the mean value used.

Although a formal primary outcome was not pre-specified,
the main aim of this exploratory study was to describe
the trajectories of metabolic parameters before and after
living kidney donation, with a particular focus on weight
changes. This hypothesis-generating approach aimed to in-
form future research directions. Furthermore, we wanted to
explore the occurrence of new-onset type 2 diabetes mel-
litus, hypertension or other (cardiovascular) diseases after

Figure 1: Study flowchart. Donors with no follow-up visits were excluded (n = 33) as well as one donor who withdrew consent; thus the final
population consisted of 466 donors who donated a kidney between January 2018 and August 2022.

Donors who donated a kidney in one of the six Swiss transplant
centers between 01/2018 and 08/2022 (n=500)

Excluded (in total n=34)

v

- Withdrawal of consent (n=1)
- LK donors with no follow-up visit (n=33)

Final study population (n=466) who donated
a kidney between 01/2018 and 08/2022

- Donors aged < 40 years (n=35; 7.5%)
- Donors aged 40-50 years (n=114; 24.5%)
- Donors aged 51-60 years (n=163; 35.0%)
- Donors aged 61-70 years (n=124; 26.6%)
- Donors aged > 70 years (n=30; 6.4%)

BMI < 30 kg/m?; n=409

- Hypertension before donation, n=75 (18.3%)

- Cardio-vascular diseases predonation, n=8 (2.0%)
- Dyslipidemia predonation, n=20 (4.9%)

- Diabetes predonation, n=4 (1.0%)

- Other diseases predonation, n=82 (20.1%)

BMI 2 30 kg/m?; n=57

- Hypertension before donation, n=18 (31.6%)

- Cardio-vascular diseases predonation, n=2 (3.5%)
- Dyslipidemia predonation, n=4 (7.0%)

- Diabetes predonation, n=2 (3.5%)

- Other diseases predonation, n=12 (21.1%)
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living kidney donation with a special focus on obese and
non-obese living kidney donors.

Laboratory parameters

The pre- and postdonation laboratory parameters collected
included serum creatinine, eGFR (calculated using the
CKD-EPI 2009 formula) and urine analysis (i.e. urine dip-
stick analysis, urine sediment examination if dipstick is
abnormal, urine protein-to-creatinine ratio [UPCR], urine
albumin-to-creatinine ratio [UACR]), as well as HbAlc
values. Since 1993, blood/urine samples for all laboratory
parameters have been sent to a core laboratory (Viollier
AG, Basel, Switzerland).

Statistical analysis

We used JMP software version 16.0 (SAS Institute Inc.,
Cary, NC) and R version 4.4.1 (www.R-project.org) for
statistical analysis. Categorical data were summarised as
counts and percentages and analysed using Fisher’s exact
test or Pearson’s chi-squared test, as appropriate. Hypoth-
esis testing for continuous variables was performed using
the Wilcoxon signed-rank test for paired data and data
summarised as median and interquartile range (IQR) if
not stated otherwise. Missing values were assumed to be
missing at random. No imputation was used to address
missing values. As a measure of effect, the median dif-
ferences (95% CI) and corresponding paired rank-biserial
r s correlation coefficients were calculated. For interpreta-
tion purposes, effect sizes were graded according to bise-
rial 7 ; correlation coefficients as follows: r ; <0.2 is very
small; between 0.2 and <0.5 is small; between 0.5 and <0.8
is medium; >0.8 is large. As a decrease of kidney func-
tion (i.e. serum creatinine levels and corresponding eGFR)
from predonation to 1-year postdonation is obvious due to
loss of nephron mass, the differences between the creati-
nine values/eGFR at the first follow-up visit 1-year post-
donation and the last follow-up (i.e. the 3-year or 5-year
follow-up visit) were calculated. For all other parameters
including UPCR and UACR, the differences between pre-
donation and the last follow-up visit were analysed. Dilut-
ed urine samples with a urine creatinine value <3 mmol/l
were excluded from the analysis of the UPCR and UACR
of donors with comparable pairs of urine samples. For the
analysis of outcome data, living kidney donors were strat-
ified into two groups based on predonation BMI: <30 kg/
m? or >30 kg/m?. In addition, living kidney donors were
stratified into tertiles based on postdonation BMI change
as follows: weight loss with BMI change <0.1 kg/m?; little
to no weight change with BMI change from predonation to
last follow-up between 0 and 1.2 kg/m?; and weight gain
with a BMI change >1.3 kg/m?. Furthermore, we also car-
ried out an interim analysis by stratifying donors accord-
ing to predonation BMI into three groups: normal weight
if BMI <25 kg/m?; overweight if BMI 25-29.9 kg/m?; and
obese if BMI >30 kg/m?. Correlation analysis was per-
formed to determine the relationship between donor age at
the time of donation and predonation BMI with change of
BMI after living kidney donation. The associations of age
and predonation BMI with change in BMI postdonation are
visualised in correlation plots. For all analyses, statistical
significance was set at a two-tailed p-value <0.05.

Swiss Med WKkly. 2025;155:4513

Results

Donor baseline characteristics

For 466 individuals who donated a kidney between Jan-
uary 2018 and August 2022 (93.2% of all living kidney
donors who were registered during that period), parameters
with a focus on metabolic values including HbAlc as well
as follow-up data of at least one year were available (figure
1). Baseline characteristics of donors stratified according
to their inclusion and exclusion are depicted in appendix
table S1. The baseline characteristics of included donors
are summarised in table 1. The median age at the time
of donation was 57 years and 65.7% of the living kidney
donors were female. Only a small number of donors were
aged <40 or >70 years (both less than 10%, table 1). Most
donors were partners, parents or siblings.

In total, 218 (46.8%) living kidney donors had one or
more preexisting diseases (table 1). Focusing on metabolic
parameters and cardiovascular problems, 20% of living
kidney donors had arterial hypertension treated with at
least one antihypertensive agent (n = 93). Most living kid-
ney donors were treated with a monotherapy (61/93), and
mainly blockers of the renin-angiotensin system were pre-
scribed, either as monotherapy or in combination with a
beta-blocker, calcium-channel blocker or diuretic agent
(74/93), and only three living kidney donors were treated
with a triple antihypertensive therapy before living kidney
donation (table S2). Further, 12.2% (n = 57) of living kid-
ney donors had a BMI >30 kg/m? and were defined as
having predonation obesity. None of these living kidney
donors was treated with a glucagon-like peptide-1 (GLP-1)
agonist to lose weight before living kidney donation. Pre-
existing dyslipidaemia treated with a lipid-lowering agent
was present in 6.0% of donors while cardiovascular dis-
eases such as coronary heart disease or cardiac rhythm dis-
turbance (e.g. atrial fibrillation) were observed in 2.1%. In
addition, six living kidney donors had type 2 diabetes mel-
litus at the time of donation, defined as either the use of an-
tidiabetic agents (3/6) or having an HbA1c value of >6.5%
(table 1). Median predonation creatinine was 65 pmol/l,
and the median eGFR was 95 ml/min/1.73 m?. Thus, most
donors had normal kidney function, and only three donors
had a predonation eGFR <60 ml/min/1.73 m? The medi-
an predonation systolic and diastolic blood pressures were
126 mm Hg and 79 mm Hg, respectively. The median pre-
donation BMI was 25.3 kg/m?, 11.2% of donors had a BMI
in the range 30-35 kg/m? and only 1.0% of the donors
had a BMI >35 kg/m? at the time of donation. The median
HbA 1c value was 5.4% (table 1).

In addition, we stratified donors by predonation BMI of <
or >30 kg/m?. The corresponding baseline characteristics
of the two groups are shown in table 2. The median weight
of donors in the BMI <30 kg/m? group was 70 kg com-
pared to 90 kg in donors with a BMI of >30 kg/m? (p
<0.0001, table 2). Predonation blood pressure values also
significantly differed between the two groups (p <0.004,
table 2); however median systolic and diastolic blood pres-
sure values were within the normal range in both groups.
Further, the percentage of donors with predonation arterial
hypertension was higher in the donor group with predona-
tion BMI >30 kg/m? compared to BMI <30 kg/m? (31.6%
vs 18.3%) (p = 0.03). The same was observed for HbAlc
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values, although the absolute differences were only small
(p =0.02) (table 2). We also carried out an interim analysis
by stratifying donors according to predonation BMI into
three groups (i.e. normal weight forBMI <25 kg/m?, over-
weight for BMI 25-29.9 kg/m? and obese for BMI >30 kg/
m?). Predonation blood pressure values were again differ-
ent in these three groups. (p <0.002, appendix table S3);
however median systolic and diastolic blood pressure val-
ues were within the normal range in all BMI strata. Fur-
ther, the percentage of donors with predonation arterial hy-
pertension was highest in the predonation obese group than
in the other groups (p = 0.0005, table S3). Predonation
HbA 1c values also significantly differed between the three
groups, although the absolute differences were only small
(p = 0.004) (table S3). This was triggered by significantly

higher HbA1c values in obese donors compared to normal-
weight donors (p = 0.007).

Course of kidney function, blood pressure and meta-
bolic parameters

The course of kidney function, blood pressure and meta-
bolic parameters is presented in table 3. Concerning kidney
function, compared to one year after donation, eGFR was
not significantly different at the last follow-up time point
(i.e. the 3-year or the 5-year follow-up visit for those indi-
viduals with a 5-year follow-up) (p = 0.19; table 3). Me-
dian UPCR and UACR values at last follow-up were sig-
nificantly different compared to before donation (both p
<0.0001); however the median differences were small with

Table 1:
Baseline characteristics, n = 466. Values are median (IQR) unless otherwise stated.
Variable Overall
Age at donation in years 57 (49-64)
Age group at donation, n (%) <40 years 35 (7.5%)
40-50 years 114 (24.5%)
51-60 years 163 (35.0%)
61-70 years 124 (26.6%)
>70 years 30 (6.4%)
Sex, n (%) Female 306 (65.7%)
Male 160 (34.3%)
Donor-recipient relationship, n (%) Parent 126 (27.0%)
Sibling 73 (15.7%)
Other relative 16 (3.4%)
Partner 163 (35.0%)
Other non-relative 88 (18.9%)
Kidney paired donation, n (%) 18 (3.9%)
Altruistic, n (%) 3 (0.6%)
Pre-existing diseases, n (%)* Was/were present 218 (46.8%)
Hypertension 93 (20.0%)
Cardiovascular diseases 10 (2.1%)
Dyslipidaemia 28 (6.0%)
Type 2 diabetes mellitus 6 (1.3%)
Obesity 57 (12.2%)
Other 94 (20.2%)
Current smoker, n (%)** 47 (16.7%)
Kidney function before donation Creatinine, pmol/l 65 (58-74)
eGFR, CKD-EPI (ml/min/1.73 m?) 95 (88-103)
UPCR, mg/mmol*** 8.3 (6.2-11.3)
UACR, mg/mmol*** 0.7 (0.4-1.2)
Systolic blood pressure in mm Hg 126 (118-136)
Diastolic blood pressure in mm Hg 79 (73-84)
Weight in kg 72 (64-80)
BMI in kg/m? Overall 25.3 (23.2-28.1)
BMI <25 kg/m?, n (%) 205 (44.0%)
BMI 25-29.9 kg/m?, n (%) 204 (43.8%)
BMI 30-35 kg/m?, n (%) 52 (11.2%)
BMI >35 kg/m?, n (%) 5 (1.0%)
HbA1c**** 5.4 (5.2-5.6)
Prediabetes, n (%)**** 75 (17.5%)

BMI: body mass index; eGFR: estimated glomerular filtration rate (calculated by the Chronic Kidney Disease Epidemiology Collaboration [CKD-EPI] formula in mi/min/1.73 m?

body surface area); IQR: interquartile range.

* In total, 218 (46.8%) living kidney donors had one or more preexisting diseases.

** Smoking behaviour is known for 281 (60.3%) living kidney donors.

*** UPCR = urine protein-to-creatinine ratio and UACR = urine albumin-to-creatinine ratio, which was only calculated for donors with undiluted urine (i.e. urine creatinine 23 mmol/

I; n=318).

**** HbA1c:haemoglobin A1c, available for 429 (92.1%) donors before donation since January 2018.
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Table 2:

UACR even decreasing (UPCR: 3.5 mg/mmol, 95% confi-
dence interval [CI]: 2.4-4.2; UACR: —0.3 mg/mmol, 95%
CI —0.4-0.2) with a corresponding paired rank-biserial co-
efficient of = 0.51 and —0.43, respectively (table 3). In to-
tal, 7.0% of those who developed proteinuria, defined as a
UPCR >20 mg/mmol creatinine after donation, had never
had proteinuria before. Concerning blood pressure values
and metabolic parameters such as HbAlc and weight, the
investigated outcome parameters also showed small medi-
an differences, with corresponding small to medium corre-
lation coefficients (table 3).

Relationship of age and predonation BMI with BMI
change

The relationship of age and predonation BMI with change
in postdonation BMI is shown in the corresponding corre-
lation plots. There was no correlation between age at dona-
tion and BMI change after living kidney donation (Pearson
correlation coefficient » = 0.05, 95% CI: —0.05-0.14, p =
0.33) nor between predonation BMI and BMI change (» =
—0.02, 95% CI: —0.11-0.07, p = 0.69) (figure 2).

Outcome of donors stratified by predonation BMI < or
>30 kg/m?

Next, we dichotomised the donors according to predona-
tion BMI < or >30 kg/m? as shown in table 4. During
the observation period, donors with a predonation BMI
>30 kg/m? maintained their high BMI levels with a median
BMI of 32.2 kg/m? at last follow-up compared to a median
BMI of 25.0 kg/m? among donors in the predonation BMI
<30 kg/m? group. One living kidney donor with a pre-
donation BMI >30 kg/m? was treated with a glucagon-
like peptide-1 (GLP-1) agonist during follow-up to lose
weight. In addition, donors with high predonation BMI
levels showed slightly higher systolic blood pressure and
HbAlc values (both p = 0.02); however, the differences
were small, with corresponding small correlation coeffi-
cients (i.e. paired rank-biserial » = 0.2 for both) (table 4).
During the observation period, 6% of donors developed ar-
terial hypertension (n = 28). Most of them were treated
with an antihypertensive monotherapy (25/28), as sum-
marised in appendix table S4. Furthermore, 2.6% (n =
12) of donors developed cardiovascular diseases and only
1.1% (n = 5) of donors developed type 2 diabetes mellitus
(table 4). In addition, during the observation period, 8.6%
(n=40) of donors were newly treated with a lipid-lowering

Baseline characteristics of donors stratified by predonation body mass index < or 230 kg/m?, n = 466. Values are median (IQR) unless otherwise stated. Missing values were as-
sumed to be missing at random. No imputation was used to address missing values.

| <30 kg/m (n = 409)

Variable 230 kg/m (n = 57) p-value
Age at donation in years 57 (49-63) 57 (49-64) 0.86
Age group at donation, n (%) <40 years 32 (7.8%) 3 (5.3%) 0.71
40-50 years 97 (23.7%) 17 (29.8%)
51-60 years 144 (35.2%) 19 (33.3%)
61-70 years 111 (27.2%) 13 (22.8%)
>70 years 25 (6.1%) 5 (8.8%)
Sex, n (%) Female 270 (66.0%) 36 (63.2%) 0.66
Male 139 (34.0%) 21 (36.8%)
Donor-recipient relation, n (%) Parent 113 (27.6%) 13 (22.8%) 0.56
Sibling 64 (15.7%) 9 (15.8%)
Other relative 12 (2.9%) 4 (7.0%)
Partner 142 (34.7%) 21 (36.9%)
Other non-relative 78 (19.1%) 10 (17.5%)
Kidney paired donation, n (%) 17 (4.2%) 1(1.8%) 0.71
Hypertension predonation, n (%) 75 (18.3%) 18 (31.6%) 0.03
Cardiovascular diseases predonation, n (%) 8 (2.0%) 2 (3.5%) 0.35
Dyslipidaemia predonation, n (%) 23 (5.6%) 5 (8.8%) 0.35
Type 2 diabetes mellitus predonation, n (%) 4 (1.0%) 2 (3.5%) 0.16
Other diseases predonation 82 (20.1%) 12 (21.1%) 0.86
Current smoker, n (%)* 44 (10.8%) 3(5.3%) 0.43
Kidney function predonation Creatinine, pmol/l 65 (58-74) 68 (60-78) 0.06
eGFR, CKD-EPI (ml/min/1.73 m?) [ 96 (89-104) 92 (85-102) 0.08
UPCR, mg/mmol** 8.6 (6.2-11.7) 8.1(6.1-10.1) 0.25
UACR, mg/mmol** 0.7 (0.4-1.2) 0.8 (0.4-1.4) 0.70
Systolic blood pressure in mm Hg 126 (117-135) 133 (121-143) 0.001
Diastolic blood pressure in mm Hg 79 (73-83) 81 (76-88) 0.004
Body weight in kg 70 (63-78) 90 (82-97) <0.0001
HbA1c *** 5.4 (5.2-5.6) 5.5(5.3-5.7) 0.02
Prediabetes predonation, n (%)*** 64 (17.0%) 11 (20.8%) 0.22

BMI: Body mass index; eGFR: estimated glomerular filtration rate (calculated by the Chronic Kidney Disease Epidemiology Collaboration [CKD-EPI] formula; in mi/min/1.73 m?
body surface area); IQR: interquartile range.

* Smoking behaviour is known for 281 (60.3%) living kidney donors.

** UPCR = urine protein-to-creatinine ratio and UACR = urine albumin-to-creatinine ratio, which was only calculated for donors with undiluted urine (i.e. urine creatinine 23 mmol/

I; n=318).

*** HbA1c = haemoglobin A1c, available for 429 (91.9%) donors before donation since January 2018.
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agent. Obese donors (BMI >30 kg/m?) had a higher post-
donation type 2 diabetes mellitus incidence than those with
BMI <30 kg/m? (p = 0.01, table 4); however, the overall
type 2 diabetes mellitus frequency was low. Furthermore,
there was also a higher frequency of individuals with pre-
diabetes at last follow-up within the obese donor group
compared to non-obese donors (p = 0.003, table 4). With
stratification of donors according to predonation BMI
(normal weight: BMI <25 kg/m? overweight: BMI
25-29.9 kg/m?; obese: BMI >30 kg/m?), outcomes were
similar (appendix table S5).

Outcome of donors stratified by tertile of change in
BMI

Lastly, living kidney donors were stratified by tertiles of
postdonation BMI changes: weight loss with BMI change
<0.1 kg/m?; (nearly) no weight change with BMI change
between 0 and 1.2 kg/m?; weight gain with BMI change
>1.3 kg/m?. Baseline characteristics of donors stratified by
tertile of postdonation BMI changes are summarised in
table S6. There were no statistical differences in baseline
characteristics among the three groups, except for predona-
tion BMI (table S2). Outcomes are shown in table 5. Over-
all, 24% of donors (n = 112) gained weight after living kid-
ney donation. Further, 36.1% of individuals presented with
(nearly) no weight change during postdonation follow-up
(n=168) and 35.6% of donors (n = 166) lost a little weight

Table 3:
Course of kidney function, blood pressure and metabolic parameters, n = 466. For all scores, the median value (IQR) is indicated.
Parameter Before donation Last follow-up Median difference Paired rank-biserial p-value
Median (IQR) Median (IQR) 95% CI 95% CI
Kidney function Creatinine (umol/l)* 98 (87-112) 97 (85-113) 1.0 (-3-2) -0.04 (-0.11-0.10) 0.63
eGFR, CKD-EPI (ml/ 60 (53-70) 61 (53-71) 0.0 (-1.7-1.6) -0.1(-0.24-0.05) 0.19
min/1.73 m?)*
UPCR (mg/mmol)** 8.3 (6.2-11.4) 11.7 (8.3-14.9) 3.5(2.4-4.2) 0.51 (0.41-0.61) <0.0001
UACR (mg/mmol)** 0.7 (0.4-1.2) 0.5 (0.3-0.8) -0.3 (-0.4-0.2) -0.43 (-0.53-0.31) <0.0001
Blood pressure Systolic (mm Hg) 126 (118-136) 128 (120-137) 2 (0-3) 0.10 (0.0-0.21) 0.06
Diastolic (mm Hg) 79 (73-84) 80 (75-87) 1(0-3) 0.27 (0.17-0.37) <0.0001
Metabolic variables HbA1c 5.4 (5.2-5.6) 5.5(5.3-5.8) 0.1 (0.1-0.2) 0.69 (0.63-0.74) <0.0001
Body weight (kg)*** 72 (64-80) 73 (64-82) 0.9 (-0.4-2.0) 0.21 (0.10-0.31) 0.0002
BMI (kg/m?2)*** 25.3 (23.2-28.1) 25.6 (23.1-28.7) 0.35 (-0.10-0.65) 0.24 (0.13-0.33) <0.0001

BMI: body mass index; Cl: confidence interval;, HbA1c: haemoglobin A1c; IQR: interquartile range; UACR: urine albumin-to-creatinine ratio; UPCR: urine protein-to-creatinine

ratio.

* As a decrease of kidney function (i.e. serum creatinine levels and corresponding eGFR) from before donation to 1-year postdonation is obvious due to loss of nephron mass, the
differences between the creatinine/eGFR values at the first follow-up visit one year postdonation and the last follow-up (i.e. the 3-year or 5-year follow-up visit) were calculated by
the Wilcoxon signed-rank test for paired data and corresponding rank-biserial r correlation coefficients were calculated (i.e. within n = 236 pairs of creatinine/eGFR samples). For
all other parameters including UPCR and UACR, the differences from before donation to the last follow-up visit were analysed by the Wilcoxon signed-rank test for paired data.
As a measure of effect, the median differences (95% CI) and corresponding paired rank-biserial r ; correlation coefficients were calculated.

** Diluted urine samples with a urine creatinine value <3 mmol/l (n = 126) were excluded from the analysis of the UPCR and UACR.

*** Information on body weight/BMI at last follow-up was not available for 20 donors. Missing values were assumed to be missing at random. No imputation was used to address

missing values.

A

Change of BMI (kg/m?)
(=]

-~ r=0.05 (95% CI -0.05-0.14)
p=0.33

30 40 50 60 70 80

Age at donation (years)

Figure 2: The relationship of (A) age at donation and (B) predonation body mass index (BMI, kg/m?) with change in BMI after living kidney do-
nation visualised in correlation plots. The blue line indicates the linear association. The corresponding Pearson correlation coefficients (r) in-
cluding the 95% confidence intervals (Cl) as well as p-values are indicated.
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Table 4:

during the observation period after living kidney donation.
Median blood pressure values at last follow-up significant-
ly differed between the three groups (overall p-value =
0.006 for median systolic blood pressures and 0.0004 for
median diastolic blood pressures, table 5). Weight gain was
associated with a higher systolic blood pressure at the last
follow-up compared with donors who lost weight (medi-
an systolic blood pressure was 132 mm Hg in the weight
gain group compared with 125 mm Hg in the weight loss
group, p = 0.004). Further, similar results were obtained for
diastolic blood pressure (p = 0.0001). However, the per-
centage of new-onset arterial hypertension was not higher
within the weight gain group compared to the other groups
(p = 0.16) (table 5). New-onset type 2 diabetes mellitus
as well as cardiovascular diseases also did not differ be-
tween the three groups (table 5). We also carried out a sen-
sitivity analysis and analysed all living kidney donors who
were being treated for arterial hypertension or type 2 dia-
betes mellitus at the last follow-up (those who were treated
predonation together with those with new-onset diseases).
Thus, in this analysis the weight gain category did not have
a greater proportion of donors treated for hypertension or
type 2 diabetes mellitus at the last follow-up compared to
the other groups, although the number of donors treated for
type 2 diabetes mellitus was highest in this category.

Discussion

In this study, we investigated changes in metabolic para-
meters after living kidney donation. While we observed
a higher incidence of type 2 diabetes mellitus in obese
donors after living kidney donation, the overall incidence
was low in obese as well as non-obese individuals. This

is consistent with the results from Ibrahim et al. who
analysed 2954 kidney donors with a mean follow up of
17.7 years regarding development of type 2 diabetes mel-
litus after living kidney donation and concluded that a
predonation body mass index (BMI) >30 kg/m? was as-
sociated with an increased risk of developing type 2 dia-
betes mellitus [17]. Importantly, in our donor population
other metabolic complications such as new-onset arterial
hypertension, cardiovascular diseases and BMI change at
last follow-up did not differ between obese and non-obese
donors. The percentage of obese donors who developed
new-onset arterial hypertension was higher compared to
the non-obese donor group (12.3% versus 5.1%). Howev-
er, the difference did not reach statistical significance. In
addition, kidney function and proteinuria at last follow-up
did not differ between the two groups.

As expected, the study population had generally good
health at baseline with mostly normal kidney function,
no proteinuria (as per the definitions of KIDGO) and
favourable metabolic parameters including normal median
blood pressure and haemoglobin Alc (HbAlc) values at
the time of living kidney donation. Overall, the percentage
of accepted obese donors in our population was 12.2%.
Further, 20% of donors had arterial hypertension and 1.3%
had type 2 diabetes mellitus at the time of donation. Con-
cerning obesity and arterial hypertension, the investigated
donor population represents the general Swiss population
quite well, considering the last health survey in Switzer-
land from 2022  (https://www.bfs.admin.ch/bfs/de/
home.html). In 2022, 12% of the Swiss population had
obesity and 20% had arterial hypertension. In contrast, the
percentages of dyslipidaemia and type 2 diabetes melli-
tus were higher in the general Swiss population, at 15%
and 5% respectively, compared to 6% and 1.3% respec-

Outcomes of donors stratified by predonation body mass index < or 230 kg/m?, n = 466. Values are median (IQR) unless otherwise stated. Missing values were assumed to be

missing at random. No imputation was used to address missing values.

Variable <30 kg/m (n = 409) 230 kg/m (n = 57) p-value
Time from donation in years 2.9 (1.0-3.1) 3.0 (1.1-3.1) 0.42
Age at last follow-up in years 59 (51-66) 60 (51-66) 0.77
BMI at last follow-up in kg/m?* 25.0 (22.6-27.5) 32.2 (30.7-34.0) <0.0001
Change in BMI* 0.2 (-0.6-1.2) 0.7 (-0.9-1.7) 0.17
Percent change in BMI in % 1.0 (-2.6-4.8) 2.3 (-2.9-5.5) 0.37
SBP at last follow-up in mm Hg 127 (119-136) 133 (122-140) 0.02
DBP at last follow-up in mm Hg 80 (75-86) 81 (77-89) 0.17
HbA1c at last follow-up 5.5 (5.3-5.8) 5.6 (5.4-5.9) 0.02
Prediabetes at last follow-up, n (%) 133 (32.5%) 19 (33.3%) 0.003
Kidney function at last follow-up** Creatinine, ymol/l 96 (84-112) 102 (85-120) 0.34
eGFR, CKD-EPI (ml/min/1.73 m?) 62 (54-71) 60 (49-75) 0.72
UPCR, mg/mmol*** 11.7 (8.4-15.1) 12.1 (8.8-15.4) 0.59
UACR, mg/mmol*** 0.5 (0.3-0.9) 0.5 (0.3-0.8) 0.74
New-onset arterial hypertension, n (%) 21 (5.1%) 7 (12.3%) 0.07
Cardiovascular diseases, n (%)**** 10 (2.4%) 2 (3.5%) 0.65
New-onset type 2 diabetes mellitus, n (%) 2 (0.5%) 3 (5.3%) 0.01
Newly treated dyslipidaemia 35 (8.6%) 5 (8.8%) 0.54
Occurrence of hernia, n (%) 4 (1.0%) 1(1.8%) 0.48

BMI: body mass index; DBP: diastolic blood pressure; HbA1c: haemoglobin A1c; eGFR: estimated glomerular filtration rate (calculated by the Chronic Kidney Disease Epidemi-
ology Collaboration [CKD-EPI] formula; in mi/min/1.73 m? body surface); IQR: interquartile range; SBP: systolic blood pressure.

* Information on body weight at last follow-up was not available for 20 donors.

** Kidney function at last follow-up was calculated only from creatinine levels obtained at either the 3-year or 5-year follow-up control after donation (in total n = 250).

*** UPCR = urine protein-to-creatinine ratio and UACR = urine albumin-to-creatinine ratio, which was only calculated for donors with undiluted urine (i.e. urine creatinine 23 mmol/

I; n =393).

**** Cardiovascular diseases with exclusion of new-onset arterial hypertension.
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Table 5:

tively in our population. Focusing on weight and obesity,
other living kidney donor programmes from other coun-
tries seem to have similar populations. The 12-month re-
sults of the Safety of the Living Kidney Donor (SoLKiD)
cohort (including 336 living kidney donors), which repre-
sents the living kidney donor population of 20 transplant
centres in Germany [18], reported a median predonation
BMI of 25.85 kg/m? (IQR: 23.74-29.01), which is similar
to that of our study cohort. Issa et al. investigated the risk
of weight gain after kidney donation and its association
with increased risks of type 2 diabetes mellitus and hyper-
tension in a single-centre study including 940 living kidney
donors with a median follow-up 22.3 years [19]. Within
their living kidney donor cohort, the percentage of donors
with a predonation BMI of >30 kg/m? was 13.3% and these
donors had a higher systolic blood pressure at donation, but
otherwise did not significantly differ in metabolic parame-
ters and kidney function compared to living kidney donors
with a BMI <30 kg/m? [19]. Unsurprisingly, in our study
cohort, the percentage of living kidney donors with predo-
nation arterial hypertension was higher in the obese donors
than in the non-obese donors (31.6% vs 18.3%). In ad-
dition, median blood pressure and HbAlc values showed
small but also statistically significant differences.

Interestingly, when focusing on the entire study cohort, as-
sessment of kidney function showed a stable course at last
follow-up compared to one year after donation and most
donors had preserved kidney function during the obser-
vation period after donor nephrectomy (eGFR of >60 ml/
min/1.73 m?). Furthermore, obese donors showed no dif-
ferences in kidney function at the last follow-up compared
to non-obese donors, although our follow-up period was
limited to a maximum of five years. Nevertheless, simi-
lar findings were reported by Issa et al. in their single-cen-

tre study with a median long-term follow-up of >20 years
[19]. Living kidney donors with a predonation BMI >30
kg/m? did not present with lower eGFR at the last follow-
up compared to donors with predonation BMI <30 kg/m?>
(respectively, mean eGFR 63.1 ml/min/1.73 m? vs 63.7 ml/
min/1.73 m?, p = 0.9) [19]. Moreover, concerning blood
pressure values and metabolic parameters, the investigat-
ed outcome parameters of our entire study cohort showed
small median differences in this limited follow-up period,
with at most “medium” corresponding correlation coeffi-
cients.Although we observed a slight numerical increase
in urine protein-to-creatinine ratio (UPCR) and a slight
decrease in urine albumin-to-creatinine ratio (UACR) at
last follow-up, both parameters remained within normal
ranges, and the absolute changes were small. Given these
findings, we consider the discrepancy to be of limited clin-
ical relevance.

The definition of weight gain, both in the general popula-
tion and after donor nephrectomy, varies in the literature.
While overweight and obesity are standardised by WHO
BMI criteria, weight gain lacks a clear definition. For ex-
ample, Issa et al. used a >10% BMI increase since donation
and BMI change tertiles to define weight gain [19]. With-
in our living kidney donor population, this would trans-
late into a weight gain of 2.5 kg/m? or at least >2 kg/m?.
Considering the latter definition, 54/466 (11.6%) of donors
gained weight during follow-up. Using the definition of
>10% BMI since donation, only 33/466 (7.1%) of living
kidney donors in our population gained weight after liv-
ing kidney donation. Regardless of the definition of weight
gain and irrespective of the predonation BMI, living kid-
ney donors maintained their high BMI levels after living
kidney donation. We deliberately avoided an arbitrary cut-
off for weight gain in our analyses. Instead, we analysed

Outcomes of donors stratified by tertile of change in body mass index, n = 446. Values are median (IQR) unless otherwise stated. Missing values were assumed to be missing at
random. No imputation was used to address missing values. Information on body weight at last follow-up was not available for 20 donors.

Tertiles of change in body mass index, median (range) in kg/m 2
Predonation variables -0.9 (-7.6 to -0.1) 0.5(0to 1.2) 1.9 (1.3t0 6.8) p-value
n =166 n=168 n=112

Time from donation in years 3.0 (1.0; 3.1) 3.0(1.0; 3.1) 2.0 (1.0; 3.0) 0.32
Age at last follow-up in years 60 (51; 67) 59 (51; 67) 60 (52; 65) 1.00
BMI at last follow-up in kg/m?* 24.1(22.2;26.2) 25.7 (22.9; 28.4) 29.0 (26.1; 31.7) <0.0001
Percentage change in BMI, %* -3.5(-6.7; -2.1) 2.1(0.7;3.4) 7.6 (5.8; 10.5) <0.0001
Systolic blood pressure at last follow-up in mm Hg 125 (118; 134) 128 (120; 136) 132 (122; 142) 0.006
Diastolic blood pressure at last follow-up in mm Hg 80 (74; 84) 80 (75; 86) 85 (77; 90) 0.0004
HbA1c at last follow-up, % 5.5(5.3;5.7) 5.5(5.3;5.8) 5.6 (5.4; 5.8) 0.17
Kidney function at last follow-up** Creatinine, pmol/l 95 (83; 112) 100 (85; 114) 96 (85; 111) 0.61

eGFR, CKD-EPI (ml/ 61 (54, 72) 61 (52;72) 62 (53; 70) 0.81

min/1.73 m?)

UPCR, mg/mmol* 11.7 (7.4, 14.8) 11.7 (8.5; 15.7) 11.7 (9.5; 15.5) 0.62

UACR, mg/mmol* 0.5(0.3; 0.7) 0.4 (0.3;0.9) 0.5 (0.3; 1.0) 0.35
New-onset arterial hypertension, n (%) 9 (5.4%) 15 (8.9%) 4 (3.6%) 0.16
New-onset cardiovascular diseases, n (%)*** 4 (2.4%) 3 (1.8%) 5 (4.5%) 0.38
New-onset type 2 diabetes mellitus, n (%) 1(0.6%) 1(0.6%) 3(2.7%) 0.19
Newly treated dyslipidaemia, n (%) 20 (12.0%) 6 (3.6%) 14 (12.5%) 0.30
Occurrence of hernia, n (%) 2 (1.2%) 2 (1.2%) 1(0.9%) 0.97

BMI: body mass index; DBP: diastolic blood pressure; eGFR: estimated glomerular filtration rate (calculated by the Chronic Kidney Disease Epidemiology Collaboration [CKD-EPI]
formula; in mi/min/1.73 m? body surface area); HbA1c: haemoglobin A1c; IQR: interquartile range; SBP: systolic blood pressure.

* UPCR = urine protein-to-creatinine ratio and UACR = urine albumin-to-creatinine ratio, which was only calculated for donors with undiluted urine (i.e. urine creatinine 23 mmoll/l;

n = 378).

** Kidney function at last follow-up was calculated only from creatinine levels obtained either at the 3-year or 5-year follow-up control after donation (in total n = 248).

*** Cardiovascular diseases with exclusion of new-onset arterial hypertension.
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the correlations of predonation donor age and BMI with
BMI change after living kidney donation and showed that
there was no correlation between age at donation or predo-
nation BMI with BMI change.

To assess the impact of weight change after living kidney
donation on metabolic outcomes, we stratified living kid-
ney donors into tertiles based on postdonation BMI
changes. Baseline characteristics were similar across ter-
tiles, except for predonation BMI. Notably, weight gain
was linked to the highest BMI levels at follow-up and
higher systolic and diastolic blood pressures compared to
weight loss. However, the proportion of new-onset hyper-
tension was not higher in the weight gain group. New-on-
set type 2 diabetes mellitus as well as cardiovascular dis-
eases also did not differ between the three tertile groups.
Concerning BMI and blood pressure at the last follow-up,
the results of Issa et al. were similar [19]. But in contrast to
our results, they showed that the living kidney donors who
gained the most weight were also more likely to be older
and being treated for hypertension and type 2 diabetes mel-
litus [19]. While our correlation suggests the same tenden-
cy, we did not observe a significant association. We may
speculate that this was triggered by a higher percentage of
donors who developed either hypertension or type 2 dia-
betes mellitus or by the longer observation period in their
study. Indeed, when we analysed all living kidney donors
who were being treated for arterial hypertension or type
2 diabetes mellitus at the last follow-up (including both
those who were treated predonation and those with new-
onset diseases), donors in the weight gain category were
not more frequently treated for hypertension or type 2 di-
abetes mellitus at the last follow-up compared to the other
groups. However, the number of donors treated for type 2
diabetes mellitus was highest in the weight gain category.

In the absence of clear evidence from prospective living
kidney donor cohorts to guide the development of selection
criteria for potential living kidney donors with predonation
type 2 diabetes mellitus, Soliman et al. proposed an ap-
proach for evaluating such candidates [3]. In summary, the
brief report stated that because type 2 diabetes mellitus is
a major cause of kidney failure, accepting diabetic living
kidney donors with additional risk factors “raises substan-
tial clinical concerns and should be approached with cau-
tion” [3]. Among others, eligibility criteria for living kid-
ney donors with preexisting type 2 diabetes mellitus in-
clude: no concomitant arterial hypertension; non-insulin
dependence; no smoking behaviour; BMI <30 kg/m?; UP-
CR <20 mg/mmol or UACR <3 mg/mmol [3]. Regardless
of whether donors with type 2 diabetes mellitus are accept-
ed for living kidney donor transplantation and the selection
criteria applied, we strongly believe that our data underpin
that living kidney donation is a safe procedure concerning
metabolic risk, although obese donors in particular should
be informed about the slightly higher risk of development
of type 2 diabetes mellitus and probably hypertension after
living kidney donation. Ideally, they should optimise their
lifestyle before donation to minimise potential long-term
complications. Furthermore, the use of GLP-1 agonists
and/or sodium-glucose co-transporter 2 (SGLT2) blockers
may substantially influence decision-making among po-
tential donors and donor outcomes in the near future.

Swiss Med WKkly. 2025;155:4513

The strength of this multicentre study is that our data re-
flect long-term experience with living kidney donation in
Switzerland where we have a stringent medical evaluation
process for eligibility before donation, including explo-
ration of metabolic parameters as well as a thorough na-
tionally organised regular follow-up of living kidney
donors after donation. However, the study has some lim-
itations. First, due to the overall low frequency of meta-
bolic complications, the results need to be interpreted with
caution. Second, due to the low number of living kidney
donors with predonation type 2 diabetes mellitus, reflect-
ing the donor selection process until recently, or with new-
onset type 2 diabetes mellitus as well as limited follow-up,
our study lacked the power to explore whether type 2 dia-
betes mellitus leads to a higher risk of eGFR decline when
compared to non-diabetic donors after living kidney do-
nation. In addition, within our national database, the fam-
ily history of type 2 diabetes mellitus is not registered
and therefore, we could not consider this parameter in the
analysis. Third, nearly 7% of donors had to be excluded
due to missing follow-up data, thus the potential for selec-
tion bias must be taken into account. The excluded popu-
lation was predominantly male and younger compared to
included donors. Expectedly, they had higher eGFR levels
compared to included donors. Crucially, they did not dif-
fer in metabolic parameters like weight and BMI, blood
pressure or HbAlc levels before donation, nor in preexist-
ing diseases. Fourth, the absence of an appropriate control
group — ideally consisting of individuals who were eval-
uated for donation but did not proceed for non-medical
or non-metabolic reasons — limits our ability to determine
whether the observed changes are specific to kidney dona-
tion. Without such a comparator, we cannot assess whether
associations such as that between weight gain and in-
creased blood pressure differ meaningfully from trends in
the general population. However, the aim of this study was
not to evaluate causality or assess whether donation it-
self exacerbates metabolic risks. Rather, it was to provide
a descriptive analysis of metabolic changes among living
kidney donors, with particular attention given to the asso-
ciation between preexisting obesity and postdonation out-
comes. While these findings may not be novel in the con-
text of obesity research, we believe they underscore the
importance of predonation metabolic evaluation and coun-
selling in this specific population. Finally, our study popu-
lation consisted mainly of Caucasian people and therefore
we could not assess whether ethnicity plays a factor either
in weight gain or development of type 2 diabetes mellitus
after living kidney donation.

In conclusion, while this exploratory study was not de-
signed to assess the overall safety of living kidney do-
nation, the observed metabolic changes during follow-up
were generally modest. Obese donors appeared to have
a slightly higher frequency of new-onset type 2 diabetes
mellitus compared to non-obese donors. These findings
underscore the importance of predonation counselling on
lifestyle optimisation, particularly for individuals with ele-
vated BMI.

Data sharing statement

The study protocol of the SOL-DHR can be accessed at
https://www.sol-dhr.ch/de/. The statistical code used for
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this analysis can be shared upon reasonable request by con-
tacting the corresponding author. Deidentified individual-
level data underlying the findings presented in this manu-
script — including the data dictionary — may also be made
available upon reasonable request. Access will be granted
following approval by the data custodians of the Swiss Or-
gan Living-Donor Health Registry, in accordance with na-
tional data protection laws and ethical guidelines. Data will
be available for academic research purposes only and for a
period of five years from the date of publication. Requests
should include a brief summary of the proposed use and
analysis plan.
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Table S1. Baseline characteristics of living kidney donors stratified by their inclusion or exclusion, n=499

Variable Inclusion (n=466) Exclusion (n=33) p-value
Age at donation, yr 57 (49-64) 45 (38-57) <0.0001
Age grouping at donation, n (%) <40 yr 35 (7.5) 9 (27.3) 0.0005
40-50 yr 114 (24.5) 11 (33.3)
51-60, yr 163 (35.0) 9 (27.3)
61-70, yr 124 (26.6) 4(12.1)
>70 yr 30 (6.4) 0 (0)
Sex, n (%) Female 306 (65.7) 15 (45.5) 0.02
Male 160 (34.3) 18 (54.5)
Donor-recipient relation, n (%) Parents 126 (27.0) 6 (18.2) 0.004
Siblings 73 (15.7) 14 (42.4)
Other relatives 16 (3.4) 1(3.0)
Partners 163 (35.0) 8 (24.3)
Other non-relatives 88 (18.9) 4 (12.1)
KPD, n (%) 18 (3.9) 1(3.0) 1.00
Pre-existing diseases, n (%)* 218 (46.8) 14 (42.4) 0.72
Hypertension, n (%) 93 (20.0) 4(12.1) 0.36
Cardio-vascular diseases, n (%) 10 (2.1) 0 (0) 1.00
Dyslipidemia, n (%) 28 (6.0) 2(6,1) 0.69
T2DM, n (%) 6 (1.3) 1(3.0) 0.38
Obesity, n (%) 57 (12.2) 5(15.2) 0.59
Other, n (%) 94 (20.2) 8 (24.3) 0.65
Smoking, yes, n (%) 47 (16.7) 0 (0) <0.0001
Kidney function before donation Creatinine, pmol/l 65 (58-74) 67 (57-73) 0.95
eGFR, CKD-EPI (ml/min/1.73m?2) 95 (88-103) 107 (97-113) <0.0001
UPCR, mg/mmol$ 8.3 (6.2-11.3) 7.5 (5.4-12.2) 0.79
UACR, mg/mmol$ 0.7 (0.4-1.2) 0.6 (0.3-1.2) 0.20
Systolic blood pressure, mmHg 126 (118-136) 125 (116-131) 0.35
Diastolic blood pressure, mmHg 79 (73-84) 77 (73-81) 0.09
Body weight, kg 72 (64-80) 76 (66-84) 0.17
BMI, kg/m? 25.3 (23.2-28.1) 26.5 (32.4-28.6) 0.38
HbA1c, %* 5.4 (5.2-5.6) 5.3 (5.2-5.4) 0.14

Values are median (IQR) unless otherwise stated. Abbreviations: yr=years, KPD=kidney paired donation, eGFR=estimated glomerular filtration rate (calculated by the CKD-
EPI formula; in ml/min/1.73m2 of body surface). CKD-EPI=Chronic Kidney Disease Epidemiology Collaboration, §UPCR=urine protein-to-creatinine ratio and §UACR=urine
albumin-to-creatinine ratio, which was only calculated for donors with undiluted urine (i.e., urine creatinine 23 mmol/l; n=340). BMI=Body mass index. #HbA1c= Hemoglobin
A1c, available for 460 donors before donation since 01/2018.

Aln total, 232 (46.5%) living kidney donors had one or more preexisting diseases.
*Smoking behavior is known of n=286 (57.3%) living kidney donors.

Data of n=1 donor who withdrew consent were not available for analysis.

Missing values were assumed to be missing at random. No imputation was used to address missing values.
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Table S2. Donors treated with antihypertensive medication before LKD, n=93

Number of antihypertensive drugs

Class of antihypertensive drug

Two drugs

Three drugs

Monotherapy ACE inhibitor 25 N/A N/A
ARB 19 N/A N/A
Beta-blocker 8 N/A N/A
Calcium channel blocker 8 N/A N/A
Diuretic* 1 N/A N/A

Dual therapy* | ACE inhibitor / beta-blocker N/A 2 N/A
ACE inhibitor / calcium channel blocker N/A 7 N/A
ACE inhibitor / diuretic N/A 5 N/A
ARB / beta-blocker N/A 1 N/A
ARB / calcium channel blocker N/A 9 N/A
ARB / duretic N/A 4 N/A
Calcium channel blocker / diuretic N/A 1 N/A

Triple therapy | ACE inhibitors / calcium channel blocker / diuretic N/A N/A 1
ARB / beta-blocker / calcium channel blocker N/A N/A 1
Beta-blocker / calcium channel blocker / Moxonidine N/A N/A 1

Abbreviations: LKD=living kidney donation, ACE=angiotensin converting enzyme, ARB=Angiotensin receptor blocker

*Diuretic agents were either a thiazide diuretic or a loop diuretic.

#Dual therapy included either two different pills or a combination therapy.
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Table S3. Baseline characteristics of donors stratified by predonation body mass index, n=466

Variable <25 kg/m? (n=205) 25-29.9 kg/m? (n=204) 230 kg/m? (n=57) p-value
Age at donation, yr 55 (47-63) 57 (49-64) 58 (51-64) 0.15
Age grouping at donation, n (%) <40 yr, 20 (9.8) 12 (5.9) 3 (5.3) 0.39
40-50 yr 56 (27.3) 41 (20.1) 17 (29.8)
51-60, yr 65 (31.7) 79 (38.7) 19 (33.3)
61-70, yr 53 (25.8) 58 (28.4) 13 (22.8)
>70 yr 11 (5.4) 14 (6.9) 5(8.8)
Sex, n (%) Female 146 (71.2) 124 (60.8) 36 (63.2) 0.08
Male 59 (28.8) 80 (39.2) 21 (36.8)
Donor-recipient relation, n (%) Parents 49 (23.9) 64 (31.4) 13 (22.8) 0.37
Siblings 32 (15.6) 32 (15.7) 9 (15.8)
Other relatives 8 (3.9) 4 (1.9) 4 (7.0)
Partners 70 (34.2) 72 (35.3) 21 (36.9)
Other non-relatives 46 (22.4) 32 (15.7) 10 (17.5)
KPD, n (%) 10 (4.9) 7(3.4) 1(1.8) 0.51
Hypertension before donation, n (%) 25 (12.2) 50 (24.5) 18 (31.6) 0.0005
Cardio-vascular diseases, n (%) 3(1.5) 5(2.5) 2 (3.5) 0.59
Dyslipidemia predonation, n (%) 8 (3.9) 15 (7.4) 5(8.8) 0.22
T2DM before donation, n (%) 0 (0) 4 (3.5) 2(3.5) 0.06
Other diseases predonation 37 (18.1) 45 (22.1) 12 (21.1) 0.86
Smoking, yes, n (%)* 24 (11.7) 20 (9.8) 3(5.3) 0.31
Kidney function before donation Creatinine, pmol/l 64 (57-73) 66 (59-74) 68 (60-78) 0.08
eGFR, CKD-EPI (ml/min/1.73m2) 97 (89-105) 95 (89-103) 92 (85-102) 0.18
UPCR, mg/mmol§ 8.6 (6.3-12.0) 8.3 (6.1-11.2) 8.1 (6.1-10.1) 0.42
UACR, mg/mmol§ 0.7 (0.4-1.1) 0.7 (0.5-1.2) 0.8 (0.4-1.4) 0.68
Systolic blood pressure, mmHg 124 (116-134) 127 (119-136) 133 (121-143) 0.0006
Diastolic blood pressure, mmHg 78 (72-83) 79 (75-84) 81 (76-88) 0.002
Body weight, kg 64 (57-70) 75 (70-83) 90 (82-97) <0.0001
BMI, kg/m? 22.9 (21.1-24.1) 27.1 (25.9-28.4) 31.6 (30.4-33.5) <0.0001
HbA1c, %* 5.3 (5.2-5.5) 5.4 (5.2-5.6) 5.5 (56.3-5.7) 0.004
Prediabetes before donation, n (%)* 25 (13.1) 39 (21.1) 11 (20.8) 0.03

Values are median (IQR) unless otherwise stated. Abbreviations: yr=years, KPD=kidney paired donation, eGFR=estimated glomerular filtration rate (calculated by the

CKD-EPI formula; in ml/min/1.73m? of body surface). CKD-EPI=Chronic Kidney Disease Epidemiology Collaboration, SUPCR=urine protein-to-creatinine ratio and

SUACR=urine albumin-to-creatinine ratio, which was only calculated for donors with undiluted urine (i.e., urine creatinine 23 mmol/l; n=318). BMI=Body mass index.

*Smoking behavior is known of n=281 (60.3%) living kidney donors. #HbA1c= Hemoglobin A1c, available for 429 (91.9%) donors before donation since 01/2018.

Missing values were assumed to be missing at random. No imputation was used to address missing values.
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Table S4. Donors newly treated with antihypertensive medication during follow-up, n=28

Number of antihypertensive drugs

Class of antihypertensive drug One drug Two drugs Three drugs
n=25 n=2 n=1

Monotherapy ACE inhibitor 12 N/A N/A

ARB 10 N/A N/A

Beta-blocker 3 N/A N/A
Dual therapy ACE inhibitor / beta-blocker N/A 1 N/A

ACE inhibitor / calcium channel blocker N/A 1 N/A
Triple therapy | ACE inhibitors / calcium channel blocker / diuretic | N/A N/A 1

Abbreviations: ACE=angiotensin converting enzyme, ARB=Angiotensin receptor blocker
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Table S5. Outcomes of donors stratified by predonation body mass index, n=466

Variable <25 kg/m?(n=205) 25-29.9 kg/m? 230 kg/m? (n=57) p-value
(n=204)
Time from donation, yr 2.9 (1.0-3.1) 2.8 (1.0-3.1) 3.0 (1.1-3.1) 0.45
Age at last follow-up, yr 58 (50-65) 60 (52-67) 60 (51-66) 0.19
BMI at last follow-up, kg/m?3$ 22.9 (21.3-24.2) 27.4 (25.7-29.1) 32.2 (30.7-34.0) <0.0001
Change in BMI, %$ 0.2 (-0.6-1.1) 0.3 (-0.7-1.3) 0.7 (-0.9-1.7) 0.38
Percent change in BMI, % 0.9 (-2.5-5.0) 1.1 (-2.7-4.5) 2.3 (-2.9-5.5) 0.66
SBP last follow-up, mmHg 125 (118-133) 129 (121-138) 133 (122-140) 0.002
DBP last follow-up, mmHg 80 (74-85) 82 (76-88) 81 (77-89) 0.01
HbA1c last follow-up, % 5.4 (5.3-5.7) 5.6 (5.3-5.8) 5.6 (5.4-5.9) 0.001
Prediabetes last follow-up, n (%) 57 (27.8) 76 (37.3) 19 (33.3) 0.0002
Kidney function last follow-up* Creatinine, pmol/l 93 (83-106) 100 (86-119) 102 (85-120) 0.06
eGFR, CKD-EPI (ml/min/1.73m?) 62 (55-73) 60 (52-68) 60 (49-75) 0.28
UPCR, mg/mmol4 11.9 (8.6-15.3) 11.4 (8.0-14.7) 12.1 (8.8-15.4) 0.50
UACR, mg/mmol4 0.5 (0.3-0.8) 0.5 (0.3-0.9) 0.5 (0.3-0.8) 0.93
New-onset arterial hypertension, n (%) 10 (4.9) 11 (5.4) 7 (12.3) 0.10
Cardio-vascular diseases, n (%)* 6 (2.9) 4 (2.0) 2 (3.5) 0.74
New-onset T2DM, n (%) 0 (0) 2(1.0) 3(5.3) 0.003
Newly treated dyslipidemia 6 (2.9) 29 (14.2) 5(8.8) 0.26
Occurrence of hernia, n (%) 0 (0) 4 (2.0) 1(1.8) 0.14

Values are median (IQR) unless otherwise stated. Abbreviations: yr=years, BMI=Body mass index, SBP=systolic blodd pressure, DBP= diastolic blood pressure, HbA1c=
Hemoglobin A1c, eGFR=estimated glomerular filtration rate (calculated by the CKD-EPI formula; in ml/min/1.73m? of body surface). CKD-EPI=Chronic Kidney Disease

Epidemiology Collaboration, 4UPCR=urine protein-to-creatinine ratio and 4UACR=urine albumin-to-creatinine ratio, which was only calculated for donors with undiluted

urine (i.e., urine creatinine 23 mmol/l; n=393).

SInformation of body weight at last follow-up was not available for n=20 donors.

*Kidney function last follow-up was calculated only from creatinine levels either obtain at the 3-year or the 5-year follow-up control after donation (in total n=250).

#Cardio-vascular diseases with exclusion of new-onset arterial hypertension.

Missing values were assumed to be missing at random. No imputation was used to address missing values.
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Table S6. Baseline characteristics of donors stratified by tertiles of change in body mass index, n=446

Tertiles of change in body mass index, median kg/m? (range)

Predonation variables

-0.9 (-7.6 to -0.1) 0.5(0to 1.2) 1.9 (1.3 t0 6.8) p-value
n=166 n=168 n=112
Age at donation, yr 58 (48-64) 57 (49-65) 58 (50-63) 0.97
Sex, n (%) Female 114 (68.7) 102 (60.7) 74 (66.1) 0.30
Male 52 (31.3) 66 (39.3) 38 (33.9)
Smoking, yes, n (%)* 24 (14.5) 12 (7.1) 11 (9.8) 0.25
Kidney function Creatinine, umol/l 66 (59-74) 65 (58-76) 65 (57-75) 0.84
eGFR, CKD-EPI (ml/min/1.73m?2) 93 (86-102) 96 (89-104) 96 (88-102) 0.30
UPCR, mg/mmol$§ 8.1 (6.1-11.0) 8.9 (6.5-11.0) 8.6 (6.2-11.8) 0.60
UACR, mg/mmol$§ 0.7 (0.4-1.1) 0.7 (0.4-1.3) 0.6 (0.4-1.3) 0.94
Systolic blood pressure, mmHg 126 (117-134) 127 (118-136) 127 (119-136) 0.56
Diastolic blood pressure, mmHg 79 (72-83) 79 (75-85) 80 (72-85) 0.24
Weight, kg 70 (64-80) 72 (64-80) 74 (64-86) 0.26
BMI, kg/m? 25.3 (23.7-27.7) 25.1 (22.2-27.7) 26.5 (24.1-29.4) 0.008
HbA1c, %* 5.4 (5.1-5.6) 5.4 (5.2-5.6) 5.4 (5.2-5.6) 0.70
follow-up, yr 3.0 (1.0-3.1) 3.0 (1.0-3.1) 2.0 (1.0-3.0) 0.33

Values are median (IQR) unless otherwise stated. Abbreviations: yr=years, eGFR=estimated glomerular filtration rate (calculated by the CKD-EPI formula; in ml/min/1.73m?

of body surface). CKD-EPI=Chronic Kidney Disease Epidemiology Collaboration, SUPCR=urine protein-to-creatinine ratio and SUACR=urine albumin-to-creatinine ratio,

which was only calculated for donors with undiluted urine (i.e., urine creatinine 23 mmol/l; n=307). BMI=Body mass index. *Smoking behavior is known of n=274 (61.4%)
living kidney donors. *HbA1c= Hemoglobin A1c, available for 410 (91.9%) donors before donation since 01/2018.

Swiss Medical Weekly « www.smw.ch e copyright license Attribution 4.0 International (CC BY 4.0)

Appendix page A-6



	Table S1 - S6 NEW_15.06.2025.pdf
	Table S1 NEW_15.06.2025
	Table S2 NEW_15.06.2025
	Table S3 NEW_15.06.2025
	Table S4 NEW_15.06.2025
	Table S5 NEW_15.062025
	Table S6 NEW_15.06.2025




